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In this paper we are going to present the supersym-
metric version of the one-family 3-3-1 model introduced
in Ref. [11]. The non-SUSY version has the feature that
the fermion states in the model are just the 27 states
in the fundamental representation of the electroweak-
strong unication group E
6
[12]. Besides, the scale of
new physics for the non-SUSY version of this model is in
the range of 1-5 TeV [11, 13], so it is just natural to link
this new scale with the SUSY scale.
Our main motivation lies in the fact that in the non-
SUSY model, the three left-handed lepton triplets and
the three Higgs scalars (needed to break the symmetry





in two steps) transform as the

3 representation of SU (3)
L
and have the same quantum
numbers under the 3-3-1 structure. This becomes inter-
esting when the supersymmetric N = 1 version of the
model is constructed, because the existing scalars and
leptons in the model can play the role of superpartners
of each other. As a result four main consequences follow:
rst, the reduction of the number of free parameters in
the model as compared to supersymmetric versions of
other 3-3-1 models in the literature [14]; second, the re-
sult that the sneutrino, selectron and six other sleptons
do not acquire masses in the context of the model con-
structed playing the role of the Goldstone bosons; third,
the absence of the -problem, in the sense that the -
term is absent at tree level, arising only as a result of the
symmetry breaking, and fourth, the existence of a light
CP-odd scalar which may have escaped experimental de-
tection [15].
This paper is organized as follows: in Sec. II we briey
review the non-supersymmetric version of the model; in
Sec. III we comment on its supersymmetric extension
and calculate the superpotential; in Sec. IV we calculate
the mass spectrum (excluding the squark sector) and in
Sec. V we present our conclusions.
II. THE NON-SUPERSYMMETRIC MODEL
Let us start by describing the fermion content, the
scalar sector and the gauge boson sector of the non-
supersymmetric one-family 3-3-1 model in Ref. [11].











, that the left handed
quarks (color triplets) and left-handed leptons (color sin-
glets) transform as the 3 and

3 representations of SU (3)
L
respectively, that SU (3)
c
is vectorlike, and that anomaly
cancellation takes place family by family as in the SM. If





, where (u; d)
L
is the usual
isospin doublet of quarks in the SM and D
L
is an isospin
singlet exotic down quark of electric charge  1=3, then
the restriction of having particles without exotic electric
charges and the condition of anomaly cancellation, pro-
































































































































doublet of exotic leptons, vectorlike with














) quantum numbers respectively.























and give, at the same time, masses to the fermion elds
in the non-supersymmetric model, the following set of






















































































; 0; 0); (4)
with the hierarchy W > v  v
0
 174 GeV, the elec-
troweak breaking scale. FromEqs. (1) and (3) we can see
that the three left-handed lepton triplets and the three
Higgs scalars have the same quantum numbers under the
3-3-1 gauge group, so they can play the role of super-
partners. Also, the isospin doublet in 
2
plays the role of

d
and the isospin doublet in 
3
plays the role of 
u
in
extensions of the SM with two Higgs doublets (2HDM),
in which 
d
couples only to down type quarks and 
u
couples only to up type quarks (2HDM Type II).
3There are a total of 17 gauge bosons in this 3-3-1
model. One gauge eld B

associated with U (1)
X
, the
8 gluon elds G

associated with SU (3)
c
which remain
massless after breaking the symmetry, and another 8
gauge elds A

associated with SU (3)
L
and that we write












































































; i = 1; 2; :::;8 are the eight

































; i = 1; 2; 3 are the gauge coupling



















































are the cosine and tangent of the
electroweak mixing angle.
















































coincides with the weak neutral current of the





















The consistency of the model requires the existence of
eight Goldstone bosons in the scalar spectrum, out of
which four are charged and four are neutral (one CP-
even state and three CP-odd) [13] in order to provide















III. THE SUPERSYMMETRIC EXTENSION
When we introduce supersymmetry in the SM, the en-
tire spectrum of particles is doubled as we must intro-





must be used in order to can-
















which is gauge and supersymmetric in-
variant, and thus the natural value for  is expected to
be much larger than the electroweak and supersymmetry
breaking scales. This is the so-called  problem.
However, in a non supersymmetric model as the one
presented in the former section, in which the Higgs elds
and the lepton elds transform identically under the sym-
metry group, we can have (as far as we take proper care
of the mass generation and the symmetry breaking pat-
tern) the three lepton triplets and the three Higgs triplets
as the superpartners of each other. Consequently, we can
construct the supersymmetric version of our model with-
out the introduction of Higgsinos, with the supersym-
metric extension automatically free of chiral anomalies.




















bosons and gauginos. The identication of the gauge
bosons eigenstates in the SUSY version follows the non-
SUSY analysis as we will show below.
A. The Superpotential









































































































where a; b; c = 1; 2; 3 are SU (3)
L
tensor indices and the
chirality and color indices have been omitted. Notice the
absence of terms bilinear in the superelds, so a bare
 term is absent in the superpotential U , but it can
be generated, after symmetry breaking, by one of the























, where h:::i stands for the VEV of
the neutral scalar eld inside the brackets and the tilde
denotes the superpartner of the respective eld. This
eective  term is at most of the order of the supersym-
metry breaking scale, but as we will show in the next
section h
e
 0 in order to have a consistent supersym-
metric model. This is the way how the Supersymmetric












Q terms violate baryon-number and
can possibly lead to rapid proton decay. We may forbid








































This protects the model from too fast proton decay,
but the superpotential still contains operators inducing
lepton number violation. This is desirable if we want to
describe Majorana masses for the neutrinos in our model.
















. As we will see in the next section, a very
small value of h
e
is mandatory for having a neutrino with
a very small tree-level mass.
B. The scalar potential










where the rst two terms come from the exact SUSY
sector, while the last one is the sector of the theory that
breaks SUSY explicitly.














































































































































(a; b = 1; 2; : : :8 are SU (3)
L




















































































































































































































































































































































+ : : : ; (12)
where M
1


























































































































































































































































































































Masses for the particles are generated in this model
from the VEV of the scalar elds and from the soft terms
in the superpotential.
For simplicitywe assume that the VEVs are real, which
means that spontaneous CP violation through the scalar
exchange is not considered in this work. Now, for conve-
nience in reading we rewrite the expansion of the scalar

















































































































) i = 1; 2; 3; 4 refer, respectively, to
the real sector and to the imaginary sector of the slep-







i; i = 1; 2; 3; 4 can be all
dierent from zero, but as we will see in the following
analysis there are some constraints relating them. Also




i  0:2 TeV, for i = 2; 4 in order to




i  1 TeV, for
j = 1; 3 in order to respect the phenomenology of the
3-3-1 model in Refs. [11, 13].
Our approach will be to look for consistency in the
sense that the mass spectrum must include a light spin
1/2 neutral particle (the neutrino) with the other spin
1/2 neutral particles having masses larger than or equal
to half of the Z
0
mass, to be in agreement with experi-
mental bounds. Also we need eight spin zero Goldstone
bosons, four charged and four neutral ones, out of which
one neutral must be related to the real sector of the slep-
tons and three neutrals to the imaginary sector, in order
to produce masses for the gauge bosons after the breaking
of the symmetry.
As we will show in this section, a consistent set of
VEV is provided by h~
e






























=V . This situa-















of the chain in Eq.(2). So, we can not claim that the
MSSM is an eective theory of the model presented here;
rather the model here is an alternative to the MSSM so
well analyzed in the literature [4, 5, 6].
Playing with the VEV and the other parameters in
the superpotential, special attention must be paid to the
several constraints coming from the minimization of the









































































































































































































































= 0 comes from the rst constraint and has im-
portant consequences as we will see in what follows.
A. Spectrum in the Gauge Boson Sector
With the most general VEV structure presented in Eq.







the diagonalization of the corresponding squared-mass





























































































) associated with the
















































is well under control due to fact that the
physical W
0
is mainly the W

of the weak basis, with
a small component along K












The expression for the W
0
mass combined with the





























For the ve electrically neutral gauge bosons we get

















































squared-mass matrix has determinant equal to zero which
implies that there is a zero eigenvalue associated to the
photon eld with eigenvector A

0
as given in Eq. (5).
6The mass matrix for the neutral gauge boson sector


















have been dened in Eqs. (6). We
can diagonalize this mass matrix in order to obtain the
















i  h~i  174

















as the expansion parameter. In this way we obtain one



































[13]. So, we have a
neutral current associated to a mass scale v ' 174 GeV
which may be identied with the known SM neutral cur-
rent, and two new electrically neutral currents associated


















































= 0:23113 [18] and neglecting loop corrections which
depend on the splitting of the SU (2)
L
doublets).
















i  h~i and the existence of the
expansion parameter q  0:02. This in turn shows, rst


























of the eigenstate W
0

will contaminate tree-level physical
processes at most at the level of 2% (by the way, such
a mixing can contribute to the I = 1=2 enhancement
in nonleptonic weak processes), and second that the esti-
mated order of the masses of the new charged and neutral
gauge bosons in the model are not in conict neither with
constraints on their mass scale calculated from a global
t of data relevant to electron-quark contact interactions
[19], nor with the bounds obtained in pp collisions at the
Tevatron [20].
B. Masses for the Quark Sector
Let us assume in the following analysis that we are
working with the third family. The rst term in the



















 1, while for the down type quarks the sec-






































































i for the exotic






i), suppressed by dierences of Yukawa









Using the former results and the expression for theW



























couple only to down type quarks.
C. Masses for neutralinos
The neutralinos are linear combinations of neu-
tral gauginos and neutral leptons (there are not
































), their mass ma-
















































































































































































































































































is a 2  2




Now, in order to have a consistent model, one of the
eigenvalues of this mass matrix must be very small (cor-
responding to the neutrino eld), with the other eigen-
values larger than half of the Z
0
mass. It is clear that for
h
e
very small and simultaneouslyM
i
; i = 1; 2 very large,
we have a see-saw type mass matrix; but M
i
; i = 1; 2
very large is inconvenient because it restores the hierar-
chy problem.
A detailed analysis shows that M
ntns
contains two
Dirac neutrinos and six Majorana neutral elds, and that
for M
i
 10 TeV, i = 1; 2 we have a mass spectrum con-





= 0, a zero tree-level Majorana mass for
the neutrino is obtained, with the hope that the radiative










analytically is a hopeless task,
so we propose a controlled numerical analysis using xed
values for some parameters as suggested by the low en-





(TeV) 0:65) and leaving free other parameters, but
in a range of values bounded by theoretical and experi-
mental restrictions. With this in mind we use 0.1 TeV
M
i
 10 TeV, i = 1; 2 (in order to avoid the hierarchy
problem) and h
e
 0 (in order to have a consistent mass
spectrum).
The random numerical analysis with the constraints
stated above shows that for M
1
























i calculated from the constraints coming from
the minimum of the scalar potential (see Eq. (15)), and
h
e
 0, we get a neutrino mass of a few electron volts,
while all the other neutral elds acquire masses above 45
GeV as desired. Also, the analysis is quite insensitive to
the variation of the parameters, with the peculiarity that





































v=V as constrained by the minimization conditions
in Eq. (15).
Another possibility with h
e
6= 0 but very small de-





i = 0, and produces a lightest neu-
tralino only in the KeV scale, which may be adequate
for the second and third family, but not for the rst one.
The advantage of this particular case is that it reduces
to the study of the scalar potential presented in Ref.[13]
for the non-supersymmetric case, with an analysis of the
mass spectrum similar to the one in that paper.
D. Masses for the scalar sector
For the scalars we have three sectors, one charged
and two neutrals (one real and the other one imaginary)
which do not mix, so we can consider them separately.
1. The charged scalars sector






































































































































































The analysis shows that only for h
0
= 0 this matrix has
two eigenvalues equal to zero which correspond to the






= 0 is mandatory (h
0
= 0 is a conse-




). For the other two
eigenvalues one is in the TeV scale and the other one at
the electroweak mass scale.
82. The neutral real sector










































































































































































































































Using the constraints in Eqs. (15), this mass matrix
has one eigenvalue equal to zero which identies one








= 0 and with the other values
as given before, we get for the remaining four eigenval-
ues that two of them are in the TeV scale, other one is
at the electroweak mass scale, while for the lightest CP-
even scalar h we get a tree-level mass smaller than the
one obtained in the MSSM. This result, which is strongly
dependent on the value of h
e
, is not realistic due to the
fact that the radiative corrections have not been taken
into account, but such analysis is not in the scope of the
present work.
3. The neutral imaginary sector































































































































































































Using the constraints in Eqs. (15), this mass matrix
has three eigenvalues equal to zero which identify three
real Goldstone bosons (two of them CP-odd), needed to










In the limit h
0
= 0, this mass matrix has one eigenvalue
in the TeV scale and four eigenvalues equal to zero that
correspond to the three Goldstone bosons identied for
the case h
0
6= 0, plus an extra CP-odd scalar of zero mass
at tree level.
E. Masses for Charginos
The charginos in the model are linear combi-
nations of the charged leptons and charged gaug-































) the chargino mass











































































In the limit h
e
= 0 and M
2
very large, this mass matrix
9is a see-saw type matrix. The numerical evaluation us-
ing the parameters as stated before produces a tree-level
mass for the  lepton of the order of 1 GeV, with all the
other masses above 90 GeV.
V. GENERAL REMARKS AND CONCLUSIONS
We have built the complete supersymmetric version of
the 3-3-1 model in Ref. [11] which, like the MSSM, has









). Since the MSSM is
not an eective theory of the model constructed, explor-
ing the Higgs sector at the electroweak energy scale it
is important to realize that, the MSSM is not the only
possibility for two low energy Higgs doublets.
For the model presented here the slepton multiplets
play the role of the Higgs scalars and no Higgsinos are
required, which implies a reduction of the number of free
parameters compared to other models in the literature
[14].
The absence of bilinear terms in the bare superpoten-
tial avoids the presence of possible unwanted  terms; in
this way the so called  problem is absent in the con-
struction developed in this paper.
The sneutrino, selectron and other six sleptons do not
acquire masses in the context of the model, and they
play the role of the Goldstone bosons needed to produce
masses for the gauge elds. The right number of Gold-













= 0 in V
soft
has as a consequence the existence
of a zero mass CP-odd Higgs scalar at tree level. Once
radiative corrections are taken into account we expect it
acquires a mass of a few (several?) GeV, which in any
case is not troublesome because, as discussed in Ref. [15],
a light CP-odd Higgs scalar not only is very diÆcult to
be detected experimentally, but also it has been found
that in the two Higgs doublet model type II and when
a two-loop calculation is used, a very light ( 10 GeV)
CP-odd scalar A
0
can still be compatible with precision










= 0 or very small is a necessary condition in order
to have a consistent model, in the sense that it must
include a very light neutrino, with masses for the other
spin 1/2 neutral particles larger than half the Z
0
mass.
There is not problem with this constraint, because due to
the existence of heavy leptons in the model, h
e
is not the
only parameter controlling the charged lepton masses.
We have also analyzed the mass value at tree-level for
h, the lightest CP-even Higgs scalar in this model, which
is smaller than the lower bound of the lightest CP-even
Higgs scalar in the MSSM, although strongly dependent
on the radiative corrections. This fact is not in con-
ict with experimental results due to the point that the
coupling hZZ and hA
0
Z are suppressed because of the
mixing of the SU (2)
L











The recent experimental results announced by the
Muon (g  2) collaboration[22] show a small discrepancy
between the SM prediction and the measured value of the
muon anomalous spin precession frequency, which only
under special circumstances may be identied with the
muon's anomalous magnetic moment a

[23], a quantity
related to loop corrections.
Immediately following the experimental results a num-
ber of papers appeared analyzing the reported value, in
terms of various forms of new physics, starting with the
simplest extension of the SM to two Higgs doublets[21],
or by using supersymmetric extensions, technicolor mod-
els, leptoquarks, exotic fermions, extra gauge bosons, ex-
tra dimensions, etc., in some cases extending the analysis
even at two loops (for a complete bibliography see the
various references in [24]). More challenging, although
not in complete agreement between the dierent authors,
are the analyses presented in Refs.[25] and [26] where it is
shown how the MSSM parameter space gets constrained
by the experimental results.
Our model, even though dierent from the MSSM
shares with it the property that very heavy superpartners
decouple from the a

value yielding a negligible contribu-
tion. Nevertheless, the model in this paper includes many
interesting new features that may be used for explaining
the measured value of the muon's anomalous precession
frequency, as for example a light CP-odd and a light CP-
even scalars which get very small masses at tree level,
but that the loop radiative corrections may rise these
masses up to values ranging from a few GeV to the elec-
troweak mass scale. But an analysis similar to the one
presented in Refs.[25] and [26] is outside the scope of the
present study, because in our case it depends crucially on
the predicted values of the Higgs scalar masses, an ob-




be understood in the context of our model if the CP-odd
scalar has a mass of the order of a few GeV[21], with all
the other scalars and supersymmetric particles acquiring
masses larger than the electroweak mass scale. Similarly,
the light CP-even Higgs boson h with enough suppressed
hZZ and hA
0




The idea of using sleptons as Goldstone bosons is not
new in the literature [27], but as far as we know there are
just a few papers where this idea is developed in the con-
text of specic models, all of them related to one family
structures [28].
The model can be extended to three families, but the
price is high since nine SU (3)
L
triplets of leptons with
their corresponding sleptons are needed, which implies
the presence of nine SU (2)
L
doublets of Higgs scalars.
An alternative is to work with the three family structures
presented in Refs.[8, 9].
In conclusion, the present model has a rich phe-
nomenology and it deserves to be studied in more detail.
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